lated when these insects with but one functional eye are oriented as is demanded by the Ray-Verworn theory. And the same may be said in reference to the fiddler-crab and a number of other forms that move sidewise toward the light.
In the robber-fly, Erax rufibarbis, with one eye covered the body assumes a tilted posture. The legs on the blind side are much more extended than those on the normal side and the feet consequently tend to move faster on the former than on the latter side, resulting in turning toward the normal side. Similar reactions are obtained if the lower half of one eye, the right e.g., and the upper half of the other eye are covered, i.e. they lean toward the right side and turn to the right; but if such specimens are laterally illuminated from the left, they will, under certain circumstances, turn to the left. Thus they turn toward the side on which the extension of the legs is greater, and in the direction precisely opposite to that which would obtain if it were in accord with the tonus hypothesis.
If Eristalis on the wing is illuminated from above or below it turns directly upward or downward. This turning can not be due to unequal illumination of the two eyes in accord with the Ray-Verworn theory for the two eyes may be continuously equally illuminated. Similar responses have been observed in Caprella (Mast, 1911, p. 224) .
In light from two sources both Eristalis and Erax, go toward a point between the sources. The location of this point depends upon the relation of the luminous intensity of the light received from the two sources. The greater the difference the nearer the more intense illumination the point is located. When the insects are oriented in such a field of light the two eyes are not equally illuminated except when the light received from the two sources is equal. Consequently, when insects are oriented under natural conditions where they are nearly always subjected to light from various sources of unequal intensity, the eyes are rarely if ever equally illuminated. Under such conditions orientation is therefore not in accord with the Ray-Verworn theory as applied to insects by Bobn, Loeb, and others.
In specimens of Eristalis or Erax with one of the front legs removed orientation is practically normal. If such specimens are laterally illuminated they turn toward the light either to the right or to the left. If the front and the middle legs on the same side are removed, Eristalis deflects strongly toward the normal side, but after a few days it orients fairly accurately. Erax usually goes fairly directly toward the light at once, but only for a short distance after which it deflects rather sharply toward the normal side; then it ordinarily attempts to turn in the opposite direction, but it usually fails, and topples over. In certain fire-flies the male, in response to a flash of light produced by the female, turns thru the required angle, no matter in which direction he may be going in reference to the location of the flash, and proceeds directly toward her. Thus after momentary illumination, he may turn in the total absence of light in any direction, thru angles varying from 0 to 180 degrees; and this turning is, under many conditions, a response to the illumination of but one eye. It is consequently evident that it cannot be accounted for by any theory which demands balanced or equal illumination of receptors on opposite sides as the basis of orientation.
The facts presented above show that there are a number of phenomena of fundamental importance in the process of orientation in insects that are not in accord with the Ray-Verworn theory. How can these phenomena be explained ?
Insects have image-forming eyes, so that when an eye is exposed to a source of light an image is produced on the retina, and if the source is concentrated the image is very small, resulting in definite localization of the stimulus. Thus while the whole surface of -the eye is illuminated the stimulus may be confined to a minute portion of the retina, the location of which depends upon the location of the source of light in relation to the longitudinal axis of the insect. If the light is in front of the insect the image is near the anterior edge of the retina; if it is to the side the image is on the lateral surface of the retina, etc. In general it is always directly belowthe ommatidium whose longitudinal axis is parallel with the rays of light. The flash produced by a female fire-fly forms on the retina of the male a minute luminous image so that the stimulation is practically confined to a point. This point varies in location from the posterior to the anterior edge of the retina depending upon the axial position of the male in reference to the female, and it also varies in a dorso-ventral direction. There is then for every axial position of the male a definite location of the stimulus in the eye. The fact that in response to a flash of light produced by the female, the male turns after the flash has disappeared until he faces the female regardless of the extent of turning required, indicates that momentary stimulation of a point on the retina sets up a series of turning reflexes, and that the series set up varies in character and in extent with every point; so that if the point stimulated is located at the posterior edge of the retina the series of reflexes carries him through a large angle, the degree of turning in every case depending upon the location of the stimulus. Thus in the fire-fly orientation is the result of series of reflexes, the nature and extent of which is specifically related to the location of the stimulus. There is much evidence indicating that similar factors are involved in the process of orientation in other insects.
If in Eristalis or Erax with one eye covered the stimulus is localized at the posterior edge of the retina, the feet on one side move forward while those on the other move backward, the two front feet deflecting toward the side stimulated, the two hind feet from this side. If it is localized in the lateral portion both front feet move laterally toward the light, as do also the middle feet but to a less extent. If it is localized in the central part of the anterior surface of the eye the feet on both sides move forward and the insect does not turn. If it is localized at the antero-median edge it turns toward the covered eye.
This indicates that stimulation of a given region of the retina in one eye induces certain definite reactions in all of the legs on both sides, of such a nature as to tend to turn the insect toward the point stimulated just as it does in the fire-fly. But if there is only a momentary illiimination Eristalis and Erax turn thru only a very small angle regardless of the location of the stimulus, whereas the fire-fly turns until it faces the source of light. However, if the illumination continues, then, as Eristalis or Erax turns, the image of the source of light on the retina travels forward and a continuous series of points extending forward in the eye become successively stimulated and the stimulation of each successive point induces reactions of such a nature as to produce turning toward the region stimulated and the result is continuous turning until the image reaches the anterior portion of the eye and the insect faces the light. Orientation is brought about by a series of reflexes (differential responses to localized stimulation) similar to the scratch reflexes in higher forms induced by stimulation of various points on the surface of the body. In photic orientation the nature of each series of reflexes depends upon the localization of the stimulus in the eye just as the nature of the scratch reflexes depends upon the localization of the stimulus on the surface of the body. This is what occurs if the stimulation is confined to one eye. If both eyes are simultaneously stimulated other processes are involved as is indicated in the following paragraphs.
If Eristalis is exposed to light from two sources at the same distance and equal in size and intensity and so arranged that the rays cross approximately at right angles at the place of exposure, it will turn until it faces a point half way between the two sources and then proceed toward 9A3 this point. If the two sources of light differ in intensity it will turn until it faces a point nearer the more intense source and the greater the difference the nearer this source the point will be. Under the first conditions the two eyes are equally illuminated when the insect is oriented; under the second they are not; the region stimulated in one eye is more intensely illuminated and it is farther forward than that in the other eye, and the greater the difference in the intensity of the two sources, the greater the difference in the location and in the intensity of the illumination of the regions stimulated in the two eyes. Consequently the turning effect of stimulation of a given region of the retina in one eye is obliterated by simultaneous stimulation of the same region in the opposite eye, provided the stimuli are of the same magnitude, and by simultaneous stimulation of any other region in the retina of the opposite eye provided the stimuli in the two eyes bear the proper relation in magnitude. If the stimulus in one eye is located relatively farther forward than that in the other eye, the former in order to produce complete inhibition, must be stronger than the latter, if farther backward it must be weaker.
The elimination of the effect of stimulation in one eye by simultaneous stimulation in the other eye is not due to antagonistic action of the legs on opposite sides as demanded by the Ray theory of orientation as applied to animals by Verworn, Loeb, Bohn, and others. The elimination is due to the total absence of any appreciable effect of the stimulating agent on the muscles of the legs. When an insect is oriented in light, the light has no immediate observable effect on the muscles.
Photic orientation in these organisms is the result of series of coordinated reflexes in the legs of both sides specifically related to the localization of the stimulus in either eye and inhibition or modification of the effect of the illumination in one eye by simultaneous illumination in the other.
This view of the process of orientation is in full accord with all of the phenomena presented above. It 
